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INTRODUCTION 
For bal l is t ic  en t ry ,  the  sphere-cone  shape  has  been  a p r i m a r y  s u b j e c t  of s t u d y  
a n d  d e s i g n  s i n c e  t h e  idea of r e t u r n i n g  a vehicle through the  Ear th ' s  a tmosphere  w a s  
f i r s t  c o n c e i v e d .  R e s u l t s  from expe r imen ta l  s tud ie s  conduc ted  on sphere-cones a t  
supersonic  and hypersonic  Mach numbers are extens ive .  Most of t h e  e a r l y  work w a s  
conducted on cones with small ha l f -angles  (less than 40° )  because they were candi-  
d a t e s  f o r  ba l l i s t i c  r e e n t r y  i n t o  o u r  own atmosphere.  References 1 and 2 provide sum- 
mary tables and a compi l a t ion ,  r e spec t ive ly ,  o f  t he  major body of data  on cones up 
through  the  mid-1960's .   Par t icular   examples   of  some of t h e  e a r l y  e x p e r i m e n t a l  work 
are g i v e n   i n   r e f e r e n c e s  3 t o  13.  In later work ( r e f s .  14 t o  22) ,   cones   wi th   l a rger  
ha l f -angles  were s t u d i e d  w i t h  i n c r e a s i n g  i n t e r e s t  as c a n d i d a t e s  for  p l a n e t a r y  e n t r y  
p robe  conf igu ra t ions ;  t hese  s tud ie s  used  seve ra l  tes t  gases  such as helium,  carbon 
d ioxide ,   and   te t ra f luoromethane   ( re fs .  23 t o  2 8 ) .  Moreover, the  sphere-cone  has  been 
used as the  forebody shape  of  probes  for  the  Vik ing  Pro jec t  (Mars) and  Pioneer  Venus, 
and it is  p lanned  fo r  u se  on P r o j e c t  Galileo ( J u p i t e r ) .  
Because of the severe heating environments and the associated complex f l o w  
f i e l d s  d u r i n g  p l a n e t a r y  e n t r y ,  f i n a l  a e r o t h e r m o d y n a m i c  d e s i g n  f o r  p r o b e s  m u s t  h e  
determined using computat ional  methods,  with experimental  resul ts  used t o  v a l i d a t e  
these  methods  and  to  provide  a d a t a  base f o r  i n p u t s  t o  e m p i r i c a l  t e c h n i q u e s  or cor re-  
l a t ion   p rocedures  ( ref .  29) .  As computat ional   techniques  have  been  developed for  t h e  
des ign  of sphere-cone entry probes, work on so -ca l l ed  "ana ly t i ca l  shapes"  such  as t h e  
hype rbo lo id ,   pa rabo lo id ,   and   e l l i p so id   has   a l so   f l ou r i shed .  The a n a l y t i c a l   s h a p e s ,  
w i th  the i r  con t inuous  su r face  cu rva tu res  and  smoo the r  va r i a t ions  o f  f low p rope r t i e s ,  
are idea l   fo r   s tudy   u s ing   computa t iona l   t echn iques .   A l though   t he   d i scon t inu i ty   i n  
s u r f a c e  c u r v a t u r e  a t  t h e  j u n c t i o n  p o i n t  on the sphere-cone has been managed  by theo- 
r e t i c i a n s ,  it is still a problem and one that  increases  as more complex f l o w  models 
are deve loped .   Ce r t a in ly ,   ana ly t i ca l   shapes  are more amenable  for  use  with  complex 
theore t ica l   t echniques .   S ince   hyperbolo id   shapes   can  be a d j u s t e d  t o  match  sphere- 
cone shapes almost i d e n t i c a l l y ,  t h e  h y p e r b o l o i d  c o u l d  p o s s i b l y  replace the  sphere-  
cone  with  no loss in  pe r fo rmance  bu t  a s u b s t a n t i a l  g a i n  i n  t h e  a b i l i t y  t o  ana lyze  the  
f l o w  f i e l d .  
The p r e s e n t  i n v e s t i g a t i o n  e x a m i n e s  t h e  m e a s u r e d  a n d  p r e d i c t e d  p r e s s u r e  d i s t r i -  
bu t ions ,  forces  and  moments, and shock shapes for  a geometr ical ly  matched sphere-  
cone  and  hyperboloid.  A sphere-cone  with a cone half-angle  of 45O and a nose-to- 
base r a d i u s  r a t io  of 0.50 w a s  c h o s e n ,  s i n c e  t h i s  p a r t i c u l a r  s h a p e  w a s  used for  t h e  
Venusian  probes  and i s  p lanned  fo r  u se  on t h e  J o v i a n  probe. The nose  bluntness  and 
the  asymptot ic  angle  of a hyperboloid were a d j u s t e d  t o  match the  shape  of  the  sphere-  
cone as c l o s e l y  as p o s s i b l e  w i t h  i d e n t i c a l  l e n g t h s  a n d  base diameters .  The matching 
hyperboloid has  a nose radius  of  0.5276 in .  and  an  asymptot ic  angle  of  39.9871O. 
Two sets of  models  (one for  p r e s s u r e  tests and  one  for  force  and  moment tests) were 
cons t ruc t ed   fo r   each   shape .  A l l  tests were conducted i n  t h e  22-inch  aerodynamics  leg 
of the Langley Hypersonic Helium Tunnel F a c i l i t y  a t  a free-s t ream Mach number of 
20.3 and a free-s t ream  uni t   Reynolds  number of  6.83 x 10 per foot. P r e d i c t i o n s  from 
a t h e o r e t i c a l  method  by Kumar and Graves (ref. 30) w e r e  used for  comparisons with the 
measured  resu l t s .  
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I 
SYMBOLS 
model  base  area, i n  
area over which base pressure is assumed t o  a c t ,  i n  
d i s t a n c e  from vertex to center of hyperhola,  i n .  
d i s t ance  f rom ve r t ex  to  a sympto te s  (pe rpend icu la r  t o  t r ansve r se  ax i s ) ,  i n .  
2 
2 
A 
% 
a 
b 
CA 
C 
AB 
AC 
C 
CD 
CL 
cm 
CN 
d 
M 
P 
pb 
PO 
P t  
Pm 
q 
R-,d 
‘b 
rn 
a x i a l - f o r c e  c o e f f i c i e n t ,  Axial  force 
qA 
base -p res su re   co r rec t ion   coe f f i c i en t   ( eq .  (6)) 
ax ia l - fo rce   coe f f i c i en t   co r rec t ed   fo r   base   p re s su re   ( eq .  (6)) 
d r a g  c o e f f i c i e n t ,  Drag fo rce  
CIA 
l i f t  c o e f f i c i e n t ,  L i f t  f o rce  
qA 
pi tching-moment  coeff ic ient ,  
P i t ch ing  moment 
qAd 
normal - force  coef f ic ien t ,  
model  base  diameter, i n .  
l i f  t - d r a g   r a t i o  
Mach number 
Normal fo rce  
q A  
f ree-s  tream Mach number 
p re s su re ,   p s i a  
base  p re s su re ,  p s i a  
p r e s s u r e   v a l u e   a t  s = 0, p s i a  
s t a g n a t i o n  p r e s s u r e ,  p s i a  
f ree-s t ream pressure ,  ps ia  
f ree-s t ream dynamic pressure,  psia  
free-s tream Reynolds number based on d 
model base  rad ius ,  i n .  
model nose  radius ,  i n .  
2 
rn/rb 
S 
a 
e 
nose  b lun tness  ra t io  
to t a l  d i s t a n c e  from nose t o  co rne r  ( a long  body  su r face ) ,  i n .  
temperature , OR 
s t agna t ion   t empera tu re ,  OR 
free-stream v e l o c i t y ,  ft/sec 
c y l i n d r i c a l   c o o r d i n a t e s   ( f i g .   2 ( a ) )  
cy l ind r i ca l   coo rd ina te s   nond imens iona l i zed  by rn 
ang le  o f  a t t ack ,  deg  
cone half-angle  or asymptotic angle ,  deg 
dynamic   v i scos i ty ,   s lugs / f  t-sec 
r o l l  a n g l e ,  d e g  
EXPERIMENTAL  APPARATUS AND TEST  PROCEDURES 
F a c i l i t y  a n d  T e s t  C o n d i t i o n s  
The expe r imen ta l  r e su l t s  p re sen ted  he re in  were obtained in  the 22-inch aerody-  
namics l e g  of the  Langley  Hypersonic H e l i u m  Tunnel  Faci l i ty ,  which is a closed-cycle ,  
blowdown f a c i l i t y .  The f a c i l i t y  h a s  a contoured axisymmetric nozzle  which  expands 
t h e  f l o w  i n t o  a windowed tes t  s e c t i o n  ( f i g .  1 )  having a nominal  cross-sect ion diam- 
e ter  of 22 i n .  An electron-beam  device is mounted atop t h e  t e s t  s e c t i o n  t o  p r o v i d e  
f l o w - v i s u a l i z a t i o n   c a p a b i l i t y .   C a l i b r a t i o n   s u r v e y s  (ref. 3 1 )   i n d i c a t e  a range  of 
average test-core Mach numbers  from  17.2 t o  22.2 a t  s t a g n a t i o n  p r e s s s u r e s  o f  200 psia 
to  3000 p s i a ,  r e s p e c t i v e l y .  The f a c i l i t y  can be opera ted  a t  s t agna t ion   t empera tu res  
from  ambient t o  960OR. The average   dura t ion   of  a t e s t  run is  30 sec. The helium is 
then  co l l ec t ed ,  pu r i f i ed ,  and  stored in  h igh -p res su re  t anks  fo r  subsequen t  tests. 
O p e r a t i o n  o f  t h i s  f a c i l i t y  a n d  d e t a i l s  o f  t h e  f l o w  c h a r a c t e r i s t i c s  are p r e s e n t e d  i n  
r e f e r e n c e  31. A l l  p r e s e n t  tests were conducted a t  the  fol lowing  nominal   f low 
condi t ions :  
Mm = 20.3 
pt = 1015 psia 
Tt = 520°R 
R-, d = 1.71 x 106 
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Mode Is 
The hyperboloid shape w a s  matched to  the sphere-cone shape ( 0  = 45O, 
r /rb = 0.50) u s i n g  e q u a t i o n s  b a s e d  o n  t h e  c o o r d i n a t e s  i n  figure 2 ( a ) .  The t w o  
&apes were c o n s t r a i n e d  for i d e n t i c a l  l e n g t h s  a n d  base diameters  and were t o  match 
c o o r d i n a t e s  as c l o s e l y  as possible. T a k i n g   j u s t   t h e  x 2 0 por t ion   o f  a hyperbola 
w i t h  t h e  v e r t e x  a t  (0,O) a n d  t h e  c e n t e r  (asymptote j u n c t i o n )  a t  (-a,O), t h e  g e n e r a l  
equat ion  is as fol lows:  
( x  + a )  2 r  2 
a b2 2 
- - =  1 
Equat ion  (1)   can be s i m p l i f i e d  as fo l lows:  
2 b2 b2 2 r = 2 - ~ + -  a 2 X a 
or  in  d imens iona l  form,  
r2  = 2r x + x2  t an  e 2 n 
The nondimensional  form i s  obta ined  by s e t t i n g  i? = r/rn and Z = x/rn:  
Using  the  dimensional  form of   the   qua t ion   for   the   hyperbola ,  rn and 8 values  
w e r e  i t e r a t e d  u n t i l  t h e  f o l l o w i n g  were obtained:  
b2 
a n 
" - r = 0.5276 i n .  b2 2 
a 
" 
2 
- t a n  8 = 0.7034 
where 8 = 39.9871 O .  
T h i s   e q u a t i o n   i n   a c t u a l   c o o r d i n a t e s   ( f o r  x and r i n   i n c h e s )  
r2  = 1 . 0 5 5 2 ~  + 0 . 7 0 3 4 ~  2 
produced the match as shown i n  f i g u r e  2 ( b ) .  
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A p r e s s u r e  model and a f o r c e - t e s t  model wi th  base diameters of 3.00 in .  were 
f a b r i c a t e d  for both the sphere-cone  and  hyperboloid  shapes.  (See f i g .  3.) Each 
p r e s s u r e  model w a s  designed with 16 o r i f i c e s  ( a l l  i n  t h e  same plane) which were 
spaced a t  s/st l o c a t i o n s  from 0 t o  0.956  on the  sphere-cone  and 0 t o  0.939  on t h e  
hyperboloid.  A s k e t c h  of each  p res su re  model and  the  orifice l o c a t i o n s  are pre- 
s e n t e d  i n  f i g u r e  4. The p r e s s u r e  models were machined from s t a i n l e s s  steel, and  the  
o r i f i c e - l o c a t i o n  h o l e s  were d r i l l e d  w i t h  a jigbore. S t a i n l e s s  s teel  tub ing  wi th  
0.020 i n .  i n s i d e  diameter w a s  then  cemented  in to  the  orifice l o c a t i o n .  
Force- tes t  models (used also f o r  shock-shape tests) w e r e  also machined f r o m  
s t a i n l e s s  steel. (See f ig .   5 . )  The t a p e r e d   c y l i n d r i c a l   s e c t i o n   e x t e n d i n g   b e h i n d  the 
model forebody w a s  designed t o  house  the  s t ra in-gage  ba lance  and  t o  have  no  in t e r f e r -  
ence effects  on the measured aerodynamic forces and moments. 
Tes t Methods 
The pressure measurements were conducted  wi th  the  pressure  models  a t tached  t o  a 
hol low s t ing  which  housed  the  pressure  tub ing .  The t u b i n g  diameter w a s  increased  
as much as possible to  r e d u c e  s e t t l i n g - o u t  times, and  the  tubes  were connected t o  a 
s tandard manifold system to  allow e a c h  o r i f i c e  a n d  i ts  associated plumbing to  be 
p r o p e r l y   t e s t e d   f o r   l e a k s .  Calibrated, capac i tance- type   p ressure   t ransducers  were 
u s e d  i n  c o n j u n c t i o n  w i t h  s i g n a l  c o n d i t i o n i n g  u n i t s  t o  record t h e  data onto magnetic 
tape. Reference   p ressure   runs  were conduc ted   da i ly   u s ing  a r e g i s t e r e d  " s t a n d a r d "  
d e v i c e  t o  he lp  ensu re  da t a  accu racy .  For each model, t h e  a n g l e  o f  a t t a c k  was set 
u s i n g  a ca the tometer ,  and  the  r o l l  angle  w a s  set  u s i n g  a n  a t t a c h e d  f i x t u r e  a n d  a n  
i n c l i n o m e t e r .   P r e s s u r e   d a t a  were reco rded   fo r  a = Oo, 5O, l o o ,  15O, and 18O and 
Q = Oo, 22.5O,  45O,  67.5O, 90°, 112.5O, 135O, 157.5O, and 180O. P res su re   da t a  on a l l  
16 o r i f i c e s  were reco rded   fo r  1 angle   o f   a t tack   and  1 r o l l  angle   for   each   run .  Run 
times varied  f rom  about  20 sec to  35 sec depending  upon  angle   of   a t tack.  Data w e r e  
recorded  cont inuous ly  over  the  l a s t  p o r t i o n  of the  runs ,  and  the  time h i s t o r i e s  were 
analyzed to  conf i rm  s teady-s ta te   va lues .   Before   changing   the  model r o l l - a n g l e  set-  
t i n g ,  d a t a  were o b t a i n e d  f o r  a l l  ang le s  o f  a t t ack .  Model r o l l  angle  w a s  def ined  as 
Oo when a l l  o r i f i c e s  were i n  t h e  ver t ical  p l a n e  w i t h  o r i f i c e  number 15 a t  the  top .  
By r o l l i n g  t h e  model 180° i n  22.5O increments ,  p ressures  were de termined  for  a l l  
16 s/st l o c a t i o n s  for a l l  9 mer id iona l   p lanes  by using  model symmetry. 
Force and moment tests were conducted with the models mounted on a s t i n g -  
supported,   six-component  strain-gage  balance.  The s t r a i g h t  s t i n g  was a t t a c h e d  t o  
the  angle-of -a t tack  mechanism,  and d a t a  were obta ined  for  2.5O increments  from -5O 
t o  17.5O.  The a n g l e  o f  a t t a c k  w a s  set  o p t i c a l l y  by u s i n g  a p o i n t  l i g h t  s o u r c e  a d j a -  
c e n t  t o  t h e  test s e c t i o n  a n d  a small lens-prism mounted on the rearward extens ion  
of t h e  model. The image of the source  w a s  reflected by t h e  prism and  focused  by 
t h e  l e n s  o n t o  p h o t o e l e c t r i c  cells a l i g n e d  a t  c a l i b r a t e d  i n t e r v a l s .  As r e f l e c t e d  a n d  
f o c u s e d  l i g h t  swept past each cel l  ( t h e  model is swept c o n t i n u o u s l y  f o r  force-test 
r u n s ) ,  a n  e lectr ical  r e l a y  w a s  energized and caused a h i g h - s p e e d  d i g i t a l  recorder 
t o  sample and record t h e  o u t p u t s  of the s t ra in-gage  balance  onto  magnet ic  tape. The 
data were then reduced using a s t a n d a r d  f o r c e - t e s t  program. The accuracy of the 
angle  of a t t a c k  is e s t i m a t e d  t o  be fO. 1 O .  Model base p r e s s u r e s  were measured a t  one 
l o c a t i o n  (see f ig .  61, a n d   t h e   a x i a l - f o r c e   c o e f f i c i e n t  CA w a s  c o r r e c t e d   u s i n g   t h e  
fol lowing equat ion:  
c = c A - c  
AC AB 
(6) 
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where 
The r e f e r e n c e  area for t h e  models was t h e  base area A, and   t he   r e f e rence   l eng th  
w a s  t h e  base diameter  d. me pitching-moment  data were reduced  about   he  nose of 
each model. The t o t a l  e s t i m a t e d   u n c e r t a i n t i e s   i n   t h e   m e a s u r e d  s t a t i c  aerodynamic 
c o e f f i c i e n t s  based on f0 .5  pe rcen t  o f  t he  ba l ance  des ign  loads  and  the  unce r t a in t i e s  
i n  t u n n e l  f a c i l i t y  f l o w  c o n d i t i o n s  are as fol lows:  
p lan t i ta t ive   shock-shape   measurements   in   the   p lane   o f  symmetry for a = Oo, 5O, 
l o o ,  15O, and 1 8 O  were obta ined  by us ing   t he   e l ec t ron -beam  f luo rescence   t echn ique  
described i n  r e f e r e n c e  32. Photographs of t h e   m o d e l s   i n   t h e   i l l u m i n a t e d  f l o w  f i e l d  
were taken with a camera pos i t i oned  wi th  its opt ical  a x i s  n o r m a l  t o  t h e  p l a n e  of 
symmetry.  (See f ig .  6.) The ang le   o f   a t t ack  w a s  se t  w i t h  a ca the tomete r   be fo re   each  
run .   Ca lcu la t ions  t o  estimate t h e  error in t roduced   by   us ing   conica l   f ie ld-of -v iew 
photographs for measuring shock shapes as opposed t o  a p a r a l l e l - l i g h t ,  s c h l i e r e n - t y p e  
system showed t h e  e r r o r  t o  be less than  0.3 percent .  The shock-shape  values were 
d ig i t ized  f rom photographs  similar to  the one shown i n  f i g u r e  7 fo r  t he  hype rbo lo id  
a t  a = 15O. 
A l l  measured pressure and shock-shape values on the sphere-cone and hyperboloid 
are p r e s e n t e d   i n  tables I, 11,  111, and I V .  
PREDICTION METHOD 
The p r e d i c t i o n  method of  Kumar and  Graves (ref. 30) w a s  u s e d  e x c l u s i v e l y  i n  t h i s  
i n v e s t i g a t i o n ,  s i n c e  it is one of  the few methods avai lable  which consider  both vis-  
cous f l o w  and  bodies a t  a n g l e s  o f  a t t a c k .  Also, it is shown i n  r e f e r e n c e  28 t h a t  
r e s u l t s  from t h i s  p r e d i c t i o n  method  show gene ra l ly  exce l l en t  ag reemen t  wi th  measu red  
r e s u l t s  on sphere-cones.  This method ca l cu la t e s   t he   l amina r   and   t u rbu len t   hype r son ic  
f lows  in  the  p l ane  o f  symmetry about  b lunt  ax isymmetr ic  bodies which have outflow 
boundar i e s  t ha t  are predominate ly  supersonic ;  thus ,  the  angle  of a t t a c k  f o r  w h i c h  a 
s o l u t i o n  w i l l  b e  v a l i d  is l i m i t e d ,  s i n c e  a s o n i c  c o r n e r  c o n d i t i o n  may be approached 
i n  t h e  windward  symmetry  plane as the   ang le  of a t t a c k  i n c r e a s e s .  I n  a d d i t i o n ,  t h e  
form of t h e  a s s u m e d  m e r i d i o n a l  p r e s s u r e  d i s t r i b u t i o n  u s e d  i n  t h e  s o l u t i o n  becomes 
less a c c u r a t e  as t h e  a n g l e  o f  a t t a c k  i n c r e a s e s  a n d  t h u s  f u r t h e r  restricts t h e  s o l u -  
t i o n  t o  small ang le s  o f  a t t ack .  
The code ( d e s c r i b e d  i n  ref. 33) is w r i t t e n  i n  STAR  FORTRAN language for t h e  
Cont ro l  Data CYBER 203 computer  (upgraded  from  Control Data STAR-100). Time- 
6 
dependent ,  viscous-shock-layer- type equat ions are used t o  d e s c r i b e  t h e  f l o w  f i e l d ,  
and these equat ions are so lved  by an  exp l i c i t ,  two-s t ep ,  t ime-asympto t i c  f in i t e -  
d i f f e r e n c e  method.  Although  the  code w a s  o r i g i n a l l y  w r i t t e n  f o r  a i r  a c t i n g  as a 
p e r f e c t  g a s  and  used  Suther land ' s  v i scos i ty  l a w ,  it w a s  m o d i f i e d  f o r  t h i s  i n v e s t i g a -  
t i o n  to  consider  hel ium as a per fec t  gas  and  to  use  the  fo l lowing  modi f ied  form of  
t h e  S u t h e r l a n d  v i s c o s i t y  l a w  (ref. 34):  
T1 .647 
p = 7 * 1 7 3  T + 1.5 x 
RESULTS AND DISCUSSION 
P r e s s u r e  D i s t r i b u t i o n s  
Measured pressures ,  normal ized  by the value measured a t  o r i f i c e  number 1 (where 
s/st = 01, are presented   versus  s/st fo r   t he   sphe re -cone   and   hype rbo lo id   i n   f i g -  
u r e  8 f o r  a l l  values   of  a and 4. In   general ,   the   measured  sphere-cone  pressures  
are lower than the measured hyperboloid pressures  in  the overexpansion region but  
are h igher   than   the   hyperbolo id   p ressures   a long   the   sk i r t   reg ion .   For  a < 15O, t h e  
sphe re -cone   a l so   exh ib i t s  a much l a r g e r   p r e s s u r e   g r a d i e n t   n e a r  s/st = 1 as t h e  
su r face   p re s su re   expands   r ap id ly   t o   r each   son ic   cond i t ions  a t  the   corner .   For  
a = 15O and 18O and 4 > 135O ( f i g s .  8(g), ( h )  , and (i 1, the   measured  pressures  
for   bo th   shapes  are very similar, probably   because   the   loca l   f low is subsonic.  For 
a l l  values  of a and 4, t h e   p r e s s u r e   d i s t r i b u t i o n s  on the   hyperbolo id  are s i g n i f i -  
cant ly  smoother  than those on the sphere-cone. 
Comparisons between measured and predicted p r e s s u r e  d i s t r i b u t i o n s  on the  sphe re -  
cone are p r e s e n t e d  i n  f i g u r e  9, with the pressure values  nondimensional ized by twice 
the  free-stream  dynamic  pressure (2q) .  The disagreement  between  measured  and  pre- 
d i c t ed   va lues   nea r  s/st = 0 is due t o  a higher-than-the-average Mach number  on t h e  
t u n n e l   c e n t e r l i n e .   I n   r e f e r e n c e  31, t u n n e l  c a l i b r a t i o n s  a t  t h e  same f low  cond i t ions  
and  loca t ion  show t h e  c e n t e r l i n e  Mach number t o  be abou t  0.5 higher  than  the  average  
t e s t - co re  Mach number of 20.3, b u t  a t  l o c a t i o n s  f1/2 i n .  f rom the  cen te r l ine ,  t he  
Mach number d e v i a t i o n  is only k0.1. I f  t h e  m e a s u r e d  p r e s s u r e s  i n  t h i s  r e g i o n  o f  d i s -  
agreement were d iv ided  by the free-s t ream dynamic pressure based on a Mach number 
of 20.8, the  agreement would be e x c e l l e n t .  Thus, i n  t h e  d i s c u s s i o n  o f  t h e  p r e s s u r e -  
d i s t r i b u t i o n  c o m p a r i s o n s  ( f i g s .  9 and 10) which  follow,  the  disagreement  between 
measured  and  predicted  values  near s/st = 0 w i l l  be ignored.  
Measured  and p r e d i c t e d  p r e s s u r e  d i s t r i b u t i o n s  on the  sphere-cone  for  a = O o  
( f i g .  9 ( a ) )  show exce l len t  agreement  except  a t  t h e  a f t  end (corner)  of  the body,  
where t h e  p r e d i c t i o n  method is n o t  d e s i g n e d  t o  a c c o u n t  f o r  t h e  p r o p e r  c o r n e r  s o l u t i o n  
(M = 1 ) .  The e x p e r i m e n t a l  p r e s s u r e  d a t a  i n d i c a t e  s u b s o n i c  f l o w  o v e r  t h e  s u r f a c e  a n d  
approach   the   sonic   p ressure   va lue  a t  the co rne r .  These  r e su l t s  complement  hose  of 
r e fe rence  28 i n  wh ich  p red ic t ed  son ic  l i nes  in  the  shock  l aye r  show a subsonic  nose 
region and a mixed (subsonic  and  supersonic)  reg ion  on  the  sk i r t  wi th  a Mach 1 condi-  
t i o n  a t  the   corner   and   predominate ly   supersonic   ou t f low.   For  a = 5O ( f i g .   9 ( b )  1, 
t h e  p r e d i c t e d  values are i n  r e a s o n a b l y  good agreement with the measured values except 
7 
I ". .. " 
near  the  end  poin t  (s/st = 1 ) .  The f i r s t  clear s ign  o f  a breakdown i n  t h e  p r e d i c t i o n  
technique   for   sphere-cone   pressures  is obse rved   fo r  a = 1 Oo ( f i g .   9 ( c )  1. 01 both  
the leeward and windward s ides  the predicted pressures  are higher than the measured 
v a l u e s  a n d  d i v e r g e  s i g n i f i c a n t l y  away from the measured values toward the end of the 
body. This set  of r e s u l t s  is c o n s i d e r e d  t o  b e  o u t s i d e  t h e  r a n g e  o f  a p p l i c a b i l i t y  of 
the predict ion method,  probably because of  the large crossf low veloci ty  gradients  and 
a subsonic  outf low region on t h e  windward s i d e  f o r  t h i s  a n g l e  of  a t tack .  
Comparisons between measured and predicted pressure dis t r ibut ions on the hyper- 
b o l o i d   a r e   p r e s e n t e d   i n   f i g u r e  10.  For a = Oo ( f ig .   10 (a ) ) ,   t he   ag reemen t   be tween  
measured  and  predicted  values i s  exce l len t ,   even  n e a r  t he   co rne r .  For a = 5O 
and loo  ( f i g s .   1 0 ( b )   a n d   ( c ) ) ,   t h e r e  is excellent  agreement  between  measured  and 
p red ic t ed  p res su res  excep t  on the  windward s ide  nea r  t he  son ic  co rne r  fo r  a = I O o .  
For a = 15O ( f i g .  1 O(d) 1, the   d ivergent   charac te r   o f   the   p red ic ted   p ressures  i s  
s i m i l a r   t o   t h a t   o b t a i n e d   f o r   t h e   s p h e r e - c o n e   a t  a = l oo .  The re fo re ,   t he   p red ic t ion  
method is  c o n s i d e r e d  i n v a l i d  a t  t h i s  a n g l e  o f  a t t a c k .  
S t a t i c  Aerodynamic C o e f f i c i e n t s  
Measured  and p r e d i c t e d  r e s u l t s  a r e  u s e d  t o  compare  the  s ta t ic  aerodynamic  coef -  
f ic ien ts  for  the  sphere-cone  and  hyperbolo id  ( f i g .  1 1 ) .  The s t a t i c  aerodynamic 
c h a r a c t e r i s t i c s  a r e  e s s e n t i a l l y  t h e  same f o r  t h e  two shapes   except   for  C and CD. 
Note t h a t  t h e  l o n g i t u d i n a l  s t a b i l i t y  ( f i g .  1 1  ( b ) )  a n d  t h e  l i f t - d r a g  r a t i o  
( f i g .  I l ( c ) )  f o r  t h e  s p h e r e - c o n e  and  hyperbolo id  a re  (wi th in  measur ing  accuracy)  
e s s e n t i a l l y  i d e n t i c a l .  However, fo r   sma l l   ang le s   o f   a t t ack  ( a  < 1 O O ) ,  the  measured 
C and CD for   the   sphere-cone  are approximately 4 p e r c e n t   h i g h e r   t h a n   f o r   t h e  
hyperboloid.   This w a s  expec ted   f rom  observa t ion   of   the   p ressure   d i s t r ibu t ions ,   which  
show tha t  the  measured  pressures  on the  sphe re -cone  a re  g rea t e r  i n  t h e  s k i r t  r e g i o n  - 
where t h e  s u r f a c e  a r e a  is l a r g e r .  A l s o  i n c l u d e d  i n  f i g u r e s  11 ( a )  and   (b )   a r e   va lues  
which  were  obtained by i n t e g r a t i n g  bo+& the  measured  and  predicted  pressures .  Com- 
par i sons  be tween force- tes t  resu l t s  and  the  in tegra ted  measured  pressures  a re  good,  
with a maximum d i f f e r e n c e  o f  2 p e r c e n t  f o r  C a t  a = Oo ( f i g .  1 1  ( a )  1. Aerody- 
namic c o e f f i c i e n t s  which were obtained by i n t e g r a t i n g  t h e  p r e d i c t e d  p r e s s u r e s  a l s o  
show good  agreement. As a i nc reases ,   t he   i nc reas ing   d i f f e rences   i n   measu red   and  
p red ic t ed  C ( f i g .   l l ( a ) )  are due t o  approaching  the limit of  the  range  of  appli-  
c a b i l i t y  of  the  pred ic t ion  method. 
AC 
AC 
AC 
AC 
F i g u r e   l l ( b ) ,   w i t h  a n  expanded  scale ,  shows t h a t   t h e   v a l u e s   a r e   r e l a t i v e l y  
small compared with to t a l  measu r ing  accu rac i e s .  
Shock  Shapes 
Measured  shock  shapes are presented  i n  f i g u r e  1 2  for the sphere-cone and hyper- 
bo lo id   fo r  a = Oo, 5O, l o o ,  15O, and 18O. For a l l   f i v e   v a l u e s   o f  a, the   shock 
s h a p e s   a r e   e s s e n t i a l l y   i d e n t i c a l   i n   t h e   n o s e   r e g i o n .   F o r  a = Oo ( f i g .   1 2 ( a )  ),  
t h e r e  is an  in f l ec t ion  po in t  i n  the  shock  shape  fo r  t he  sphe re -cone  caused  by t h e  
overexpansion-recompression  region. The hyperboloid  shock  shape is smoother  and  has 
a s l i g h t l y  g r e a t e r  s t a n d o f f  d i s t a n c e  i n  t h e  s k i r t  r e g i o n  compared with the sphere- 
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cone. The la t ter  obse rva t ion  is as expec ted ,   s ince   the   measured   sur face   p ressure  
on the  hyperboloid is less than  that   measured on the   sphere-cone .   (See   f ig .   8   for  
a = OO.) Higher   p ressures  mean h i g h e r  d e n s i t i e s  i n  the   shock   layer ;   thus ,  less d i s -  
tance (volume) is  r e q u i r e d  f o r  a n  e q u i v a l e n t  amount  of  mass i n  t h a t  r e g i o n .  
For a = 5O, loo,   and 15O ( f i g s .   1 2 ( b ) ,  ( c ) ,  and (d ) ) ,   t he   compar i sons  are 
similar. W i t h i i t h e  a c c u r a c y  of the  measurements ,   the   shock  shapes  for   both  bodies  
are about  the same on t h e  windward side; however; on the  leeward  s ide  the  sphere-  
cone  shock  s tandoff   dis tance i s  less than   t ha t   fo r   t he   hype rbo lo id .   Fo r  a = 18O 
( f i g .  1 2 ( e ) ) ,  t h e r e  a p p e a r  t o  b e  e x a c t l y  o p p o s i t e  t r e n d s  on t h e  windward  and  leeward 
s i d e s .  On t h e  windward s ide   the   sphere-cone   shock   s tandoff   d i s tance  is less than 
tha t  for  the  hyperbolo id ;  however ,  on the leeward side the sphere-cone shock standoff 
d i s t a n c e  is g r e a t e r  t h a n  t h a t  f o r  t h e  h y p e r b o l o i d .  
The predicted shock shapes for  both the sphere-cone and hyperboloid are pre- 
s e n t e d   i n   f i g u r e   1 3   f o r  a = Oo and 5O. No  comparisons are p r e s e n t e d   f o r  a > So 
because one or  both of  the solut ions break down fo r  t hese  h ighe r  ang le s  o f  a t t ack .  
The comparisons  for  a = Oo and 5O ( f i g s .   1 3 ( a )   a n d   ( b ) )   a r e   s i m i l a r ;   t h e   g r e a t e r  
b luntness  of the sphere-cone nose for  these bodies  causes  the shock to  s tand off  
s l i g h t l y  more in   that   region.   Far ther   downstream,  the  sphere-cone  shock wave has  
t h e  i n f l e c t i o n  p o i n t  c a u s e d  by the overexpansion-recompression region, and the 
hyperboloid shock shape exhibi ts  i t s  typical  smoothness .  
Comparisons between measured and predicted shock shapes on the sphere-cone 
and  hyperboloid  are   presented i n  f i g u r e s  14  and  15.  For the  sphere-cone a t  a = Oo 
and 5O ( f i g s .  1 4 ( a )  a n d  ( b )  ) ,  t h e r e  is excellent  agreement  between  measured  and 
predicted  values.   In  the  downstream  regions of the   sphere-cone   for  a = l o o  
( f i g .  1 4 ( c ) ) ,  t h e  s h o c k - s h a p e  o v e r p r e d i c t i o n  is t h e  r e s u l t  of  a breakdown i n  t h e  
t h e o r y  a t  t h i s  a n g l e  of  a t tack ,  as  no ted  previous ly  wi th  the  pressure  compar isons .  
Comparisons  between  measured  and  predicted  hyperboloid  shock  shapes  for a = Oo, 
5O, a n d   l o o   ( f i g s .   1 5 ( a ) ,   ( b ) ,   a n d   ( c ) )  show general ly   excel lent   agreement .   For  
a = 15O ( f i g .  1 5 ( d )  1, the   disagreement  is due t o  t h e  i n v a l i d i t y  of   the   p red ic t ion  
t echn ique  fo r  t h i s  ca se .  
CONCLUDING REMARKS 
An i n v e s t i g a t i o n  was conducted to  examine the measured and predicted pressure 
d i s t r i b u t i o n s ,  f o r c e s  and  moments,  and  shock  shapes f o r  a geometrically matched 
sphere-cone  and  hyperboloid. A l l  t e s t s  were performed  in  the  22-inch  aerodynamics 
leg of the Langley Hypersonic Helium Tunnel Facil i ty a t  a Mach number  of  20.3. 
Predic ted  va lues  were obta ined  by us ing  a t h e o r e t i c a l  method  by Kumar and Graves 
( A I A A  Paper No.  77-172).  
R e s u l t s  f rom the  measu red  and  p red ic t ed  p res su re  d i s t r ibu t ions  showed much 
smoother   var ia t ions  for   the  hyperboloid  than  for   the  sphere-cone.   Besides   showing 
bet ter  agreement  with measured pressures  on the  hype rbo lo id ,  t he  p red ic t ion  method 
also p r o v i d e d  b e t t e r  r e s u l t s  a t  h ighe r  ang le s  o f  a t t ack  on the  hyperbolo id  than  on 
the  sphere-cone.  Aside  from  the  approximately 4 p e r c e n t  h i g h e r  d r a g  c o e f f i c i e n t  
(near  a = Oo) for   the   sphere-cone ,  l i t t l e  or no d i f f e rence  ex i s t ed  in  the  measu red  
and  predicted s ta t ic  aerodynamic   coef f ic ien ts .  Also, e s s e n t i a l l y  no d i f f e r e n c e  i n  
t h e  m e a s u r e d  l o n g i t u d i n a l  s t a b i l i t y  w a s  no ted  fo r  t he  two shapes  fo r  ang le s  o f  a t t ack  
up to  approximately 1 8 O .  Shock-shape  measurements  (which are less s e n s i t i v e  param- 
eters for   comparison  purposes)   a lso  produced similar f ind ings .  The measured  and 
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predicted shock shapes were much smoo the r  fo r  t he  hype rbo lo id  than  fo r  t he  sphe re -  
cone,  and the predict ion method p r o v i d e d  b e t t e r  r e s u l t s  a t  h ighe r  ang le s  o f  a t t ack  
on the hyperboloid than on the sphere-cone. 
It w a s  shown i n  t h i s  i n v e s t i g a t i o n  t h a t  t h e  g e o m e t r i c a l l y  matched sphere-cone 
and hyperboloid were approx ima te ly  iden t i ca l  i n  shape  and ,  t he re fo re ,  i n  volume. 
Physically,   then,  the  hyperboloid  shape  could  replace  the  sphere-cone.  Measurements 
which helped determine the performance of the t w o  shapes have also been made and 
showed l i t t l e  o r  no d i f f e r e n c e .  As expected,  because  of i t s  a n a l y t i c a l  n a t u r e ,  p r e -  
dict ions for  the hyperboloid provided bet ter  agreement  with measured values  and also 
p r o v i d e d  b e t t e r  r e s u l t s  € o r  h i g h e r  a n g l e s  o f  a t t a c k .  S i n c e  t h e  f i n a l  d e s i g n  o f  p l a n -  
e ta ry  en t ry  probes  depends  on p red ic t ion  me thods ,  g rea t e r  cons ide ra t ion  shou ld  be  
g iven  to  hyperbolo id  shapes  for  p lane tary  miss ions .  
Langley Research Center 
National Aeronautics and Space Administration 
Hampton, VA 23665 
November 19,  1982 
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TABLE I.- MEASURED SPHERE-CONE PRESSURES (p/2q) 
4 = oo 
s/s t 
0.000 
.064 
.128 
.19 1 
.255 
.3 19 
* 382 
.445 
.509 
,573 
.637 
.700 
.764 
.e28 
.892 
.956 
6 = 22.5' 
0.800 
.064 
.128 
.191 
.255 
.319 
.382 
.445 
.509 
.573 
.637 
.700 
.764 
.e28 
.e92 
.956 
a = 00 
.e re9 
.BO49 
.?601 
,6570 
.5242 
.488 1 
.5000 
.5258 
.53  12 
.5488 
.55 15 
.5625 
.56 17 
.5672 
.5570 
.53 12 
a = Oo 
.e20 1 
.e084 
.7506 
.6495 
52 13 
.4777 
.500 1 
.5  158 
,5306 
.5385 
.55 12 
.5527 
* 5605 
.5552 
.5558 
.5 152 
a = 5 O  
.e 183 
.7934 
.72 19 
.5069 
.447 1 
.3934 
.3932 
.4 102 
.423 1 
.437@ 
.4464 
.45  15 
.4583 
.4579 
.4562 
,4309 
a = So 
.e161 
.7930 
.7  154 
.589 1 
.45 17 
.3844 
.403 1 
.4  189 
,4330 
.4430 
.4545 
.4505 
.4653 
.4632 
'463 1 
.4338 
a = l o o  
.e059 
.7543 
-6648 
.5 I72 
.3801 
.293 1 
.3054 
.3170 
.3270 
.3378 
.348 1 
.3537 
.3606 
.3589 
.3583 
.3345 
a = l o o  
.e052 
.7584 
.6623 
.5242 
.3857 
.307 5 
.3  193 
.33  18 
.3405 
,3492 
.3586 
.3640 
.3702 
.3709 
.3704 
.3497 
a = 1 5 O  
.7825 
.7824 
.5930 
,4436 
,3141 
.2276 
.2332 
.24 10 
,247 1 
.2522 
,2576 
.2602 
.2640 
.2625 
.2614 
.24  16 
a = 15O 
,7837 
.7093 
.5962 
.4!552 
.3214 
.2449 
.2503 
.2606 
.26  16 
.266 1 
.268 1 
.2727 
.2747 
.278 1 
.2772 
.2659 
a = 1 8 O  
.7620 
.6645 
,5497 
.480 1 
.2787 
.1956 
.1993 
.2050 
.2 104 
.2 134 
.2170 
.2 167 
.2191 
.2151 
. 2  132 
.1935 
a = 18O 
.7632 
.6723 
.5578 
.4  138 
,2885 
.2 132 
.2181 
.2245 
.2258 
,2288 
.2279 
.2280 
,2307 
.t302 
.2309 
.2  177 
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TABLE I.- Continued 
s/st 
0. 000 
,064 
.128 
.19 1 
.255 
.319 
.382 
.445 
.5m 
.573 
.637 
.700 
.764 
.828 
.892 
.956 
$ = 67.5O 
s/st 
0. 000 
.a64 
.128 
.191 
.255 
.3  19 
.382 
.445 
.583 
.573 
.637 
.700 
.764 
.e28 
,892 
956 
a = Oo 
98281 
.e076 
.7478 
.6469 
.5 187 
,4787 
.4977 
-5178 
.5288 
.5387 
.5484 
.5524 
.5574 
.553 1 
.5525 
.5114 
a = Oo 
.a289 
.e060 
.7479 
,6438 
.5 132 
.477 1 
.4945 
.5151 
5264 
.5365 
.5482 
.5470 
.5555 
.5477 
.5465 
.Sa78 
a = 5O 
.e 199 
.7977 
7 188 
.6013 
-4633 
,4890 
.4230 
.4435 
.4525 
.4655 
.4722 
.4785 
.4824 
.48  19 
.4797 
.4492 
a = 5" 
.8 169 
.8009 
.7285 
.6181 
.4830 
.4404 
.4536 
.4752 
483 1 
.4949 
.sell 
.Sa62 
.5 101 
.5080 
.Sa63 
.4719 
a = loo 
,8864 
.767 1 
.6759 
.5459 
.4  103 
.3498 
.3603 
.3739 
,3801 
.3879 
.395 1 
.3998 
.4057 
.4053 
.406 1 
.3808 
a = l o o  
.804 8 
.7795 
.6950 
.58 17 
.4484 
.4  116 
.4 147 
.435 1 
.4336 
.4462 
.4466 
.4536 
.4539 
.4556 
.45  12 
4272 
a = 1 5 O  
.78  17 
.7222 
.62  13 
.4868 
.3560 
.2995 
.3058 
.3138 
.3131 
.3156 
.3176 
.3  199 
.3227 
,322 1 
.3224 
.3028 
a = 1 5 O  
.78  19 
,7450 
.6422 
.5395 
.4  128 
,3839 
.377 1 
.3926 
.3824 
.39  16 
.3846 
.39 14 
.3862 
.3901 
.3818 
,3622 
a = 1 8 O  
-7633 
6898 
a5811 
.45  15 
.3224 
-27 17 
-2720 
.2792 
2754 
.2768 
.2750 
.2763 
.2755 
.2746 
.2729 
.2558 
a = 1 8 O  
.7653 
.7  196 
.6249 
.5 I28 
.3904 
.365 1 
3546 
,3649 
-3524 
.3579 
.3482 
.3535 
.3459 
.3496 
.3394 
3222 
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TABLE 1.- Continued 
s / s t  
0.000 
.064 
.128 
.191 
.255 
,319 
.382 
.445 
.sa9 
.573 
.637 
.700 
.764 
,828 
.e92 
.956 
I$ = 112.5O 
0.000 
.064 
.128 
.191 
.255 
.319 
.392 
.445 
,509 
.573 
.637 
.700 
.764 
,828 
.e92 
.956 
a = Oo 
.e225 
.e069 
.?601 
.6433 
.5 136 
,4752 
.4936 
.5 120 
.526 I 
,5337 
.5475 
.5453 
.5544 
.5459 
.5479 
.50? 0 
a = Oo 
.02  16 
.e068 
.7777 
.6478 
.5 194 
.4747 
.4939 
.5121 
.5278 
.5340 
.5490 
.5454 
.5572 
.5465 
.55 19 
.507  7 
a = 5 O  
.8 162 
.8072 
.7430 
.64 10 
.5 123 
.4007 
.49  13 
.5 127 
.5203 
.5317 
.5383 
.5425 
.5488 
.5426 
.5402 
.5033 
a = 5 O  
.8 152 
.e102 
.7669 
.6675 
.5496 
.5217 
.5308 
.5556 
.5628 
.5733 
.5?97 
.5833 
.5863 
.58 19 
.5770 
.5396 
a = 100 
.8055 
.794 1 
.72?5 
.63 1 1  
.5 106 
.4887 
.4882 
.5068 
.505 7 
.5162 
.5 167 
.52  12 
.5200 
.5176 
.Sf06 
.4785 
a = l o o  
.e017 
.e035 
.7607 
.6824 
.SO36 
.5683 
,5679 
.so34 
.5043 
.59  16 
.592 1 
.5934 
.5903 
.sa45 
.572 1 
.5340 
a = 1 5 O  
.?e06 
.7649 
.6966 
.6084 
,5019 
.4832 
.47  14 
.4834 
.4747 
.4814 
,4762 
.4789 
.4735 
.47  14 
.4 607 
.4323 
a = 1 5 O  
.7793 
.7865 
.7444 
.686 1 
.6035 
.59 10 
.5756 
,5860 
.5?8 1 
,584 1 
.578 1 
,5798 
.5?04 
.5648 
,5473 
,5059 
a = 1 8 O  
.7642 
.747 1 
,6800 
.5924 
.4934 
.4?55 
.458 1 
.4658 
,4527 
.4502 
.4494 
.4520 
.4445 
.4422 
.4300 
.4027 
a = 1 8 O  
.762 1 
.7760 
.7339 
,6833 
,6068 
.5947 
.5703 
.5804 
.5676 
.5745 
.5660 
.5679 
.5562 
.5 500 
.5298 
.49  13 
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TABLE I.- Continued 
0.000 
.064 
.128 
.19 1 
.255 
.319 
.382 
.445 
.509 
.573 
.637 
.700 
.764 
.828 
.E92 
.956 
@ = 157.5O 
s / s  t 
0.000 
.064 
.128 
.191 
.255 
,319 
.382 
,445 
.509 
.573 
.637 
.780 
.764 
,828 
.892 
.956 
a = Oo 
.e201 
.e079 
.7823 
.6556 
.5232 
.4763 
.4949 
.5 136 
.5279 
.5360 
.5495 
.5493 
.5578 
.5509 
.5520 
.5116 
a = Oo 
,8204 
.e165 
.70 15 
.6566 
.5268 
.4749 
.4983 
.5 127 
.5304 
.5353 
.5511 
.5467 
.5593 
.5482 
.5529 
.5098 
a = 5O 
.e1 18 
.e038 
.7929 
.6946 
.588 1 
.5594 
.572 1 
.sa99 
.599 1 
.607 2 
.6  132 
.6150 
.6173 
.6  103 
.6036 
.5620 
a = loo  
.e04 1 
.0 134 
.7927 
.7327 
.6579 
.6376 
.6399 
.6515 
.65 10 
.6576 
.6529 
.6539 
.6460 
.6300 
.6203 
.5742 
a = 1 5 O  a = 18O 
.7022 
.805 1 
.7888 
.7545 
,7035 
.6053 
.6740 
.6822 
.67  17 
.6797 
.6666 
.6622 
.653 1 
.6448 
.6  197 
.5698 
a = 5O a = loo a = 15O 
.el44 
.8 169 
.e062 
.7142 
.6  143 
.5824 
.6010 
.6131 
.6265 
.6293 
.6307 
.6354 
.6407 
.6284 
.6232 
.5756 
.e025 
.8  169 
.8 176 
.7659 
.7000 
.6847 
.6911 
.696 1 
.6994 
.6999 
.6985 
.6925 
.6870 
.67  13 
.6540 
.5989 
.778 1 
.e083 
.e087 
.7928 
.7790 
.753 1 
.7506 
.7470 
.7447 
.74  13 
.7360 
.7269 
.7 179 
.6903 
.6773 
.6121 
.7597 
.7965 
.7780 
.7567 
.7087 
.6962 
.68  17 
,6863 
.6778 
,6837 
.67 05 
.67  19 
.6552 
.6470 
.6203 
.5675 
a = 1 8 O  
.76  14 
.8 105 
.8 107 
.a01 1 
.7911 
.7727 
.7728 
.7680 
.7622 
.7605 
.75  14 
,7453 
.7325 
.7  153 
.6896 
.6237 
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TABLE I .- Concluded 
4 = 180° 
0. 000 
.064 
.128 
.191 
.255 
.319 
,382 
,445 
.sa9 
.573 
.637 
.700 
.764 
.828 
.892 
.956 
a = Oo 
.e22 1 
.e245 
.77 14 
.6595 
.5 135 
.4774 
.4854 
.5 122 
.5 166 
.5385 
.5343 
.5515 
.5455 
.5526 
.5363 
.5  123 
a = 5 O  
.8 157 
.8 198 
.799  1 
.7249 
.6200 
.5922 
.6101 
.6247 
.6343 
.64 11 
.6457 
.6464 
.6465 
.638 1 
,6275 
.5838 
a = 100 
.e063 
.8 182 
.8 154 
.7860 
.72 16 
.6993 
.7068 
.7 124 
.7 148 
.7 150 
.7 132 
.7072 
.6992 
.6842 
.6649 
,6091 
a = 1 5 O  
.7822 
.8 123 
.8 172 
.e226 
.7937 
,7777 
.7728 
.77 12 
,7674 
.7642 
.7580 
.7497 
.7376 
.7 195 
.6944 
.6295 
a = 1 8 O  
.7628 
.8 147 
.e248 
.8 158 
.e088 
.e004 
.e003 
.793 1 
.79 18 
.7845 
.7 804 
.7687 
.7600 
.7388 
.7 145 
.6436 
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TABLE 11.- MEASURED  HYPERBOLOID  PRESSURES (p/2q) 
s / s  t a = Oo a = 5 O  a = loo a = 1 5 O  a = 18' 
0.006 
.085 
.126 . lee 
.230 
.276 
,318 
.359 
.436 
.512 
,586 
.657 
.729 
.799 
.e69 
.939 
.a208 
.7869 
.7526 
.6977 
6586 
.6247 
.600 1 
.5793 
.5543 
.53 18 
.5 169 
.5053 
.4982 
.4933 
.4955 
.47e7 
.8 148 
.75 1 1  
.6986 
.6265 
.5799 
.5430 
.5151 
.4927 
.465 1 
.443 1 
.4270 
.4  154 
.4 065 
.4616 
.4634 
.3925 
.7959 
.6934 
-6264 
.5448 
.494 5 
.4582 
.4305 
.4885 
.3799 
.3587 
.3422 
,3304 
.3205 
.3150 
.3155 
.3063 
.7693 
.622 1 
.5446 
,463 1 
.4  105 
.3778 
.3497 
.325 1 
.3006 
.2824 
.2649 
.2555 
.2437 
.2395 
.2362 
.2366 
7430 
575 1 
.4962 
.4  167 
.3666 
.3333 
.3076 
.2874 
2597 
-2405 
2260 
2 155 
.2068 
1996 
.1973 
.1900 
4 = 22.5O 
s / s  t a = oo a = 5' a = 10' a = 1 5 O  a = 18O 
0.000 
.085 
.126 
.188 
.230 
.276 
.310 
.359 
.436 
.512 
.586 
.657 
.729 
.799 
.869 
.939 
.e222 
.7920 
.74 18 
.6975 
.6519 
6238 
.5955 
.5792 
.5493 
.5320 
.5145 
.505 1 
.4359 
-49 10 
.4933 
.4747 
,8155 
.7552 
.6937 
.63  15 
.58 14 
.5500 
.5 177 
.5010 
.4690 
.45  12 
-43 19 
.4225 
.4 117 
,4079 
.4 005 
.3963 
.7964 
.6975 
.6248 
.5527 
.49!36 
.4690 
.4365 
.4  193 
.3876 
.3690 
.3506 
.34 02 
.3285 
.3244 
.3226 
.3146 
.7668 
.6284 
.5524 
.47  17 
.4229 
.39  19 
.36  16 
.3434 
.3  127 
.2943 
,2767 
.2665 
.25§ 1 
.2499 
.2470 
.2401 
,7396 
.5a11 
.507 4 
.4207 
.3666 
.3475 
.3208 
,2999 
.2729 
2523 
.238§ 
.2266 
.2177 
.2094 
.269 1 
.1993 
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TABLE I1 .- Continued 
0.086 
.085 
,126 
,180 
.230 
,276 
.3 18 
.359 
,436 
,512 
,586 
.6S7 
.729 
.799 
.869 
.939 
0.000 
.E85 
.326 
,190 
.230 
.276 
.319 
.359 
,436 
.512 
,586 
,657 
.729 
,799 
.e69 
.939 
a = 0' 
.e205 
.7856 
.74  14 
,6908 
.8523 
,6173 
596 1 
.5736 
.ss2 1 
.5269 
.5 163 
.4998 
,4972 
.4046 
4944 
.466 1 
Q: = 00 
.e203 
.7843 
.7396 
.6865 
.64?6 
.6138 
.59 16 
.5707 
,5464 
.5237 
.SI40 
.4972 
.4937 
,4815 
.4 900 
.463 1 
a = So 
. 8 128 
.7572 
.7030 
.639 1 
,5923 
.5606 
.5343 
.5 128 
.4e70 
.4642 
.4507 
.4356 
.430 1 
.4 198 
.4267 
.4055 
a = 5 O  
.8 109 
.7657 
.7 136 
,6563 
.6 155 
.58 12 
.5564 
.5342 
,5883 
.4876 
.4754 
.4599 
-4544 
.443e 
.4503 
.4273 
a = I O 0  
.7929 
.7893 
.6462 
.5754 
.5294 
.4956 
.4669 
,4477 
. 4  195 
3984 
.3027 
.3694 
.3607 
.3525 
.3226 
.3399 
a = loo  
.7929 
,7300 
.6747 
.6 136 
.5722 
.5374 
.5 105 
.49 18 
.4660 
.4442 
.43  17 
.4  156 
.4099 
3987 
,4042 
.3827 
a = 7 5 O  
.7635 
.6484 
.5800 
.507 4 
,4593 
.4294 
.3986 
.3813 
,3513 
.3324 
.3 144 
.3036 
.2920 
2854 
,284 8 
.2730 
Q: = 1 5 O  
,7622 
.68 16 
.6235 
.5603 
.5 188 
.4885 
.4590 
,4426 
.4  148 
.3952 
.3793 
,3659 
.3567 
.3473 
.3482 
.33 19 
= 1 8 O  
.7411 
.6894 
5398 
,4603 
.4202 
.39 19 
.36  12 
.3437 
,3141 
.2950 
.2779 
,2669 
,2559 
,2485 
.2467 
.e365 
a = 1 8 O  
,7386 
.6566 
.5888 
.5259 
4944 
.4570 
.42?2 
.4  115 
.3830 
.3636 
.3464 
.3340 
,3235 
.3 145 
.3 134 
,2384 
TABLE I1 .- Continued 
0.  000 
.085 
.126 
. 180 
.238 
.276 
.3  18 
.3s9 
.436 
,512 
.S06 
.657 
.729 
.799 
.e69 
.939 
.8 165 
7839 
.749 1 
.6887 
.6494 
.6  156 
.590 1 
.5722 
.544e 
.5229 
.SI10 
.4973 
.49 14 
.48 10 
.4868 
.463S 
.e117 
.7806 
.7338 
.6832 
.6429 
.6114 
-585 1 
.5600 
.5397 
.sa93 
.5079 
.4934 
.4877 
.4769 
.4827 
.4503 
,7950 
.7984 
.7  112 
.6630 
.6238 
.5948 
.5677 
.5s 18 
.5237 
.584 5 
.49  18 
.4776 
.47  12 
.4597 
.4634 
.4400 
.7668 
.7258 
.6788 
.6320 
.5944 
.5678 
.5386 
.524 1 
.4988 
,4798 
.4664 
.4511 
.4440 
.43  16 
.43  19 
.4893 
.7356 
.6902 
.6483 
,6020 
5672 
.54 17 
.5141 
,5083 
.475a 
.4565 
.4432 
.4274 
.4202 
.4 070 
.4058 
.3824 
4 = 112.5O 
s/s t a = 00 a = 5" a = l oo  a = 15O a = 1 8 O  
0.000 
,085 
.126 
.I80 
.230 
.276 
.318 
.359 
.436 
-512 
.586 
.657 
.729 
.799 
,069 
.939 
.e180 
.7864 
.7665 
.6936 
.6585 
.6  176 
.5954 
.5725 
.5476 
.5220 
.S 139 
.4969 
.4934 
.4883 
,4900 
.4633 
.e102 
7908 
.76  14 
.7872 
.6766 
.6426 
.61m 
.6804 
.s749 
.5565 
.5437 
.52a 1 
.52  14 
.5116 
.5 160 
.49 19 
.7905 
.7813 
,7507 
.7  132 
.6033 
6527 
.63a 
.6 142 
.59 le 
.5738 
56 15 
,5455 
.54  15 
.5272 
.52a4 
.5013 
.7636 
.762 1 
.7202 
.7025 
.673 1 
.6503 
.6277 
.6 150 
.59 19 
.5776 
.5635 
.550 1 
.54 13 
.5278 
.5205 
.4901 
.7387 
.7449 
.7  127 
.698 1 
.6593 
.64 1 1  
.6  160 
.6073 
.5027 
.5787 
.9557 
.54  18 
.5329 
.5 186 
.5084 
.4773 
21 
TABLE I1 .- Continued 
0 885 
.126 
.le0 
.230 
.276 
.318 
.359 
.436 
.912 
.586 
.657 
.729 
.799 
.e69 
.939 
4 = 157.5O 
s / s  t 
0.000 
,085 
.126 
.le0 
,230 
.276 
.318 
.359 
.436 
.512 
.586 
,657 
.729 
.799 
.869 
.939 
a = Oo 
.e204 
7894 
.7789 
.6996 
.6622 
.6224 
.5984 
.5756 
.5511 
.5248 
.5 136 
9 4975 
.4953 
.4808 
,4884 
.4650 
a = Oo 
.8 168 
.7937 
.7707 
.7016 
.6649 
.6230 
,6813 
.576 1 
.5540 
.5268 
.5 152 
.4993 
.4938 
.4834 
.4889 
.4668 
a = 5 O  
.8 126 
7993 
.7927 
9 7375 
.7113 
.6734 
.6520 
63 13 
.6078 
.5869 
.5740 
.5602 
.5566 
.54 10 
.5476 
5 lee 
a = 5 O  
.e086 
,8833 . 8846 
.7533 
.7301 
.69 15 
673 1 
.6496 
.6288 
.6074 
.5953 
.58 12 
.5746 
,5637 
.5654 
.5373 
a = I O o  
.79  19 
.e882 
.7934 
.758 1 
.7446 
.7 100 
.6926 
.675 1 
.6522 
.636 1 
.62  12 
.6837 
.6027 
.5889 
.sa43 
.5522 
a = l o o  
.789 1 
.e094 
.e161 
.790 1 
.7824 
,7497 
,7368 
.7142 
,6973 
.677 1 
.6669 
.65  14 
.6448 
.6297 
.6235 
.SO25 
a = 1 5 O  
.7645 
.7922 
.773 1 
.7635 
.7587 
.7284 
.7  198 
,7019 
.6836 
.6692 
.6538 
.64  18 
.63  18 
.6  147 
.6032 
.5605 
a = 1 5 O  
.7625 
.8 101 
,887 6 
.e028 
.8 153 
.79  17 
.7862 
.7695 
.75  13 
,7333 
.7220 
,7089 
.6958 
.6785 
.6601 
.6107 
a = 1 8 O  
.7392 
,7870 
.7668 
.762 1 
.7423 
.7295 
.722 1 
7052 
.6926 
.6786 
.6635 
.6527 
.6401 
,6229 
,6069 
.5623 
a = 180 
.7383 
.8 106 
.e020 
.8024 
.e053 
.793 1 
.e 129 
.7863 
.7728 
.7575 
,7429 
.73 10 
.7  159 
.6982 
.6747 
.6230 
22 
TABLE 11.- Concluded 
41 = 180° 
s/s t 
0.888 
.065 
.126 
.le8 
238 
276 
,316 
.359 
.436 
-512 
.566 
.657 
,729 
.799 
.e69 
.939 
a = Oo 
6 176 
e m  
7660 
7036 
6626 
6229 
5997 
5757 
.552 1 
.5275 
5 133 
5068 
492 1 
-4645 
4646 
.4676 
a = 5 O  
. e l 3 1  
6 128 
.7970 - 766 1 
-73 16 
7813 
.6777 
.6595 
.6349 
.6 176 
5967 
.59 10 
5804 
.5746 
.5692 
.!3478 
a = l oo  
.7946 
.8 163 
8233 
.e103 
7932 
7672 
6 7507 
7326 
7 137 
.6954 
.664 1 
6785 
,6609 
.6476 
.6369 
.597 1 
a = 150 
.7615 
.e894 
6 183 
.e230 
.a235 
.6 155 
.e064 
.7986 
.7739 
.7559 
.7468 
7382 
.7  198 
.6992 
,6811 
.6277 
a = 1 8 O  
-7379 
.e161 
623 1 
6 lS7 
.6 163 
.e252 
-6215 
-8139 
601 1 
.76 19 
,772 1 
.7566 
-7440 
.7236 
.7816 
-6446 
23 
TABLE 111.- MEASURED SPHERE-CONE  SHOCK  SHAPES 
a = Oo a = 5O 
x/rb 
-. 1as7 
-. 1054 
-. 0844 
-. a393 
. a837 .014 1 
.1572 
.2392 
.32 1 0  
.3947 
.4724 
.5378 
.6117 
.6852 
-. la97 
-. a984 
-. a823 
.0a66 
. a747 
-. 0343 
.I515 
.2283 
.3a5a 
.3776 
.4544 
.523a 
.5078 
..6644 
/'b 
.0aae 
. 8982 
.2a3a 
.a826 
.4a59 
.sa85 
.6868 
.7 129 
.8  149 
.9173 
I .a195 
1.1182 
1.2247 
I .  3238 
. 00138 
-. 1894 
-. 2036 
-.3115 
-. 3987 
-.5115 
-.6125 -. 7 135 
-.8145 
-.9193 
- 1 .  a203 
-1 .121~9  
-1.2173 
- 1.3224 
x/rb 
-. la40 -. 8984 
-. a432 
. aa24 
-. 8888 
.a640 
.1376 
.2272 
. 3 m 8  
.3944 
.468 1 
,5497 
,6274 
.6929 
-. 0976 
-. 0752 
-. a369 
. a8aa 
.22a7 
.0256 
,1464 
.283 1 
.3536 
.42aa 
.4784 
.5568 
.6232 
.7095 
r/rb 
.a817 
.0976 
,1973 
.3aa7 
.4aaa 
.4990 
.5978 
.7aa4 
.5a17 
1.1a72 
1.2 108 
1.3889 
-. as84 
-. 3834 
-. 40a4 
-5a13 
-. 7835 
-.saw 
- 1 .  a827 
- 1 .  a997 
-1.20a9 
- 1.3820 
-1.4a34 
.799 1 
1.0045 
-. 1988 
-. 6023 
-. 8045 
24 
TABLE I11 .- Continued 
a = l o o  a = 1 5 O  
x/rb 
-. la72 
- . m a  
-.a612 
-. aae5 
.la83 
.2e4a 
-. 0894 
.0437 
.1957 
.3762 
.4563 
.5448 
.6246 
.6895 
-. 0998 
-. a884 
-. a499 
-. aa2e 
. 8558 
.1187 
. 1813 
.2439 
.31a5 
.377a 
,4523 
.5265 
.6am 
,6957 
I: /‘b 
. aaa3 
. a956 
.196a 
.3962 
.4992 
.595a 
.7a4  5 
. ea28 
1 . 08ae 
I. a945 
.e999 
1.1994 
1.2913 
-. 1824 
-.2ae1 
-. 4858 
-. 5839 
-. 7853 
-. ea48 
-. 9824 
- 1 . aaae 
-1.11a5 
-I. 2a45 
-I .sa17 
- 1 . 4 ~ ~ 7  
-.3012 
-. 6866 
x/rb 
-. 1124 -. 1146 -. a968 -. a667 
-. a297 
.a284 
. a82 1 
.1514 
.2254 
. 3  139 
. 4ae7 
.4989 
.5767 
.6669 
.7493 
-. 8965 
-. a756 
. a834 
. a6 18 
. I 184 
-. 8435 
.1718 
.2349 
.3am 
.3772 
.4633 
.55a2 
.6486 
r/rb 
. a m 3  
.1a12 
.3a36 
.4aaa 
.5a16 
. ~ a 0 7  
.2056 
.698 1 
.7985 
.89  18 
.9957 
I. 0966 
1.1962 
1.297 1 
1.3997 
-. 1 1  16 
-. 2885 
-. 4  184 
-. 6822 -. 7879 
-. ea6a 
-. 9  183 
-1 .a815 
-1.1a45 
-1.2837 
- 1.3853 
-.3118 
-.5114 
.75  17 -1.4848 
25 
TABLE I11 .- Concluded 
a =  
x/rb 
-. 1160 
-. 1215 
-. 1069 
- ,0808 
-. 0459 
-. 0075 
.0467 
.1097 
.le45 
.2550 
.3453 
.4403 
.5345 
.6  173 
-. 1030 -. 0855 
-. 0479 
-. 0020 
.0479 
.1057 
.I706 
,2324 
.3 100 
.3757 
.4608 
.5582 
.6674 
1 8 O  
r/rb 
0.0000 
.1006 
.203 1 
.3004 
.4048 
.5048 
.603 1 
.7086 
.e128 
.9  135 
1.0121 
1.1182 
1.2164 
1.3198 
-. 1053 
-.2071 
-. 3070 
-. 4038 
-.5010 
-. 5990 
-. 7057 
-. 8042 
-. 9042 
-1.0031 
-1.1079 
-1.2100 
-1.3134 
26 
TABLE 1V.- MEASURED HYPERBOLOID SHOCK SHAPES 
a = 0" a = 5 O  
x/rb 
-. 1076 -. 0984 
-. 0788 
-. 0388 
.0013 
.0465 
.1019 
.1576 
.2080 
.2535 
.3  142 
.3750 
.4407 
.5 167 
,5927 
.6483 
-. 1018 
-. 0857 
-.0591 
-. 0379 
-.0013 
.0303 
.0669 
,1190 
.1554 
.2  128 
.2649 
.3326 
.4  158 
.5093 
.5768 
.6496 
r/rb 
-.0114 
.0964 
.le38 
.2868 
.3744 
.4620 
.5600 
.6324 
.7200 
,782 1 
.e648 
.9423 
1.0302 
1.1232 
1.21 12 
1.2887 
-. 0728 
-. 1445 
-.24  16 
-.3081 -. 3744 
-.4510 
-. 5224 
-. 6039 
-. 6548 
-.7517 
-.e281 -. 9248 
-1.04  19 
-1.1538 
-1.2402 
- 1.3369 
x/rb 
-. 0972 
-.0881 
-. 0745 -. 0464 -. 0220 
.0175 
.057 1 
.1263 
.1574 
.2025 
.2633 
,3330 
.3878 
.4389 
.4946 
.5507 
.6119 
.68  16 
,7373 
-.0921 
-. 0859 
-. 0656 
-. 0492 
-. 0234 
.0126 
.054 5 
.0960 
.1435 
.1786 
.2307 
.2714 
.3070 
.3599 
.4  116 
.4854 
.5375 
.5884 
.6456 
.6968 
r/rb 
-. 0028 
.0748 
.1579 
.2526 
.33  15 
.4116 
.49  18 
.5847 
.6436 
.7191 
.7908 
.e786 
.9600 
1.0257 
1.0969 
1.1631 
1.2296 
1.3174 
1.3887 
-. 0639 
-. 1483 -. 2002 
-. 2758 
-. 3403 
-. 4040 
-. 4775 
-. 5459 
-.6241 
-. 6776 -. 7502 
-. 8084 
-. 867 1 -. 9499 
-1.8175 
-1.1037 
-1.1764 
- 1.2337 
-1.3060 
-1.3684 
27 
a = l o o  
TABLE 1v.- Continued 
a = 1 5 O  
x/rb 
-. 1047 
-. 1050 
-. 0972 
-. 0806 -. 0 4 4 0  
-. 0229 
.004 7 
.0457 
.0896 
.1373 
.1849 
.2325 
.29 12 
.3530 
.4072 
.465 1 
.5 194 
.5825 
.64 12 
.7250 
-.0971 
-. 0792 
-. 0635 
-. 0367 
,0063 
.0486 
,0895 
.1297 
.1698 
.2 159 
.26 13 
.3  125 
,365 1 
.4222 
,4808 
.5379 
,5943 
.6558 
r/rb 
-. 0038 
.075 1 
.1340 
,204 7 
.2834 
.3600 
.4269 
.5115 
.5754 
.6503 
.7253 
,8802 
.8714 
.9588 
1.024 1 
1.1005 
1.1658 
1.2428 
1 .3140 
1.3939 
-. 0975 
-. 1897 
-. 2665 
-.3471 
-. 4307 
-. 509 1 
-. 5772 
-.6401 
-. 7030 
-. 7704 
-. 8326 
-. 8993 
-. 9763 
-1.0474 
-1.1289 
- 1 .2000 
- 1.2660 
-1.3313 
x/rb 
-. 1088 
-. 1108 
-. 0964 
-. 0754 
-. 0545 
-. 0200 
.0173 
.06 12 
.1001 
.14 10 
.1879 
.2468 
.2886 
.35 10 
.4049 
.45 18 
.5086 
.56 19 
.6137 
-. 1033 
-. 0942 
-. 0778 
-. 0428 
-. 0243 
.0126 
,0497 
.0967 
,1337 
,1800 
.2284 
,2755 
.3602 
.4072 
.4722 
,5293 
.5899 
.6554 
r/rb 
.0006 
.08 15 
.1619 
.2387 
.3 155 
.4017 
.4779 
.5505 
.62 17 
.7044 
.767 1 
.844 1 
.9053 
.9889 
1.0645 
1.1271 
1.1927 
1.2518 
1.3160 
-. 0738 -. 1417 
-. 2347 
-.3169 
-. 3984 
-. 439 1 
-. 5397 
-. 6074 
-. 678 1 
-. 7458 
-. 7970 
-. 8647 
-. 9866 
-1.8543 
-1.1277 
-1.1924 
- 1.2507 
-1.3076 
28 
TABLE IV . - Conc luded 
a = 1 8 O  
x/rb 
-. 1178 -. 1153 -. 1003 -. 0699 
-.0162 
.0340 
.0842 
.1598 
.2200 
.2937 
.3624 
.4447 
.5 132 
.590 1 
.6482 
-. 1189 
-. 1818 
- .0762 
-. 0520 
-.0160 
.0248 
.0723 
.1382 
.2 176 
.2870 
.3497 
.4258 
,5239 
.6018 
.6800 
/rb 
.0015 
.0638 
.1747 
.3073 
.4 194 
.5247 
.6301 
.7436 
.e354 
.937 1 
1.0372 
1.1472 
1.2304 
1.3220 
1.3852 
-. 0825 -. 1888 -. 2868 
-. 3629 
-. 4408 -. 5340 
-. 6306 
-. 7325 
-.e413 -. 9365 
-1.0282 
-1.1269 
-1.2242 
-1.3111 
-1.3812 
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Figure  1 .- T e s t  area f o r  the 22-inch aerodynamics leg of the Langley Hypersonic  
Helium T u n n e l  F a c i l i t y .  
r 
fc1.189"c 
Sphere-cone 
7 
1.500 
rn = 0.750 
e = 45O 
r 
c-l.189- 
Hyperboloid 
1.500 
(a )  Coordinate  systems. (All dimensions in   inches . )  
Figure 2.- Sketch of sphere-cone and hyperboloid shapes. 
I 
Sphere-cone 
"- Hyperboloid 
(b) Shape  comparison. 
Figure 2.- Concluded. 
682-207 
Figure 3.- Test models. 
W 
w 
r 
t 
r 
t 
- x  
Orificc 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
(a) Sphere-cone. 
Orificc 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
(b) Hyperboloid. 
? 
" 
? 
" 
X 
0.0 
0.010 
0.041 
0.092 
0.161 
0.245 
0.334 
0.422 
0.510 
0.599 
0.687 
0.776 
0.864 
0.952 
1.041 
1.129 
X 
0.0 
0.025 
0.050 
0.100 
0.150 
0.200 
0.250 
0.300 
0.400 
0.500 
0.600 
0.700 
0.800 
0,900 
1.000 
1.100 
r 
0.0 
0.124 
0.245 
0.360 
0.464 
0.556 
0.644 
0.733 
0.821 
0.909 
0.998 
1.086 
1.175 
1.263 
I. 351 
1.440 
r 
0.0 
0.164 
0.234 
0.336 
0.417 
0.489 
0.555 
0.616 
0.731 
0.839 
0.942 
1.041 
1.138 
1.233 
1.326 
1.418 
" 
0.0 
0.064 
0.128 
0.191 
0.255 
0.319 
0.382 
0.445 
0.509 
0.573 
0.637 
0.700 
0.764 
0.828 
0.892 
0.956 
s/st  
0.0 
0.085 
0.126 
0.180 
0.230 
0.276 
0.318 
0.359 
0.436 
0.512 
0.586 
0.657 
0.729 
0.799 
0.869 
0.939 
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Figure 5.- Force-test models. 
W 
m 
1 
. ,,. .,, . ...."" ..." .. 
1.500 
I 
Tube f o r  
base-pressure 
measurement 20.0 
I 
I 2 
I O p t i c a l  a x i s  
/- Camera 
( o u t s i d e  t e s t -  
s e c t i o n  wi ndow) 
Figure 6.- Sketch of tunnel  setup. (All dimensions in inches . )  
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Figure 7.- Example of electron-beam photograph. 
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a -oo 
P/P 0 .5 
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P/P 0 .5 
0 
1 .o 
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a =is0 
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0 
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1 .o 0 1 .o 
( a )  t$ = O O .  
Figure 8 . -  Measured pressures on the sphere-cone and hyperboloid. 
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(b) I$ = 22.5O. 
Figure 8 .- Continued. 
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a ==go 
1 .o 
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Figure 8 .- Continued. 
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a =oo 
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(d) 41 = 6 7 . 5 ' .  
Figure 8 .- Continued. 
41 
1.0 c 
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Figure 13.- Predicted shock shapes on the  
sphere-cone and hyperboloid. 
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shapes on the hyperboloid. 
67 
I. . I , . ,. . , ,, , .,. ,, ,, . .. -. ..".. - ...... .. - .. ... -.. .L. 
1.4 
1.2 
1 .o 
.8 
.6 
.4 
.2 
r/rb 0 
- .2 
-.4 
-.6 
-.8 
-1 .o 
-1.2 
-1.4 
0 
0 
I 1 1 1 0 1  
- .2 0 .2 .4 .6 .8 
Figure 15 .- Continued. 
68 
1.4 
1.2 
1 .o 
.8 
.6 
.4 
.2 
r/rb 0 
-.2 
-.4 
-.6 
-.8 
-1  .o 
-1.2 
-1.4 
0 
0 
0 
-.2 0 .2 .4 .6 .8 
(c) a = I O o .  
Figure 15 .- Continued.  
69 
( d )  a = 1 5 O .  
Figure 15 .- Concluded. 
70 
1. Report No. 2. Government Accession No. I 3. Recipient's C a t a l o g  No. 
~~ 
NASA TP- 2 1 00 
~~ I -. . ~ ~~ 
4. Title and Subtitle 
PRESSURES,  FORCES AND MOMENTS, AND SHOCK  SHAPES FOR A 
GEOMETRICALLY MATCHED SPHERE-CONE AND HYPERBOLOID AT 
MACH 20.3 IN HELIUM 
5. Report Date 
January 1983 
6. Performing Organization Code 
506-51 -1 3-02 
I 
7. Author(s1 8. Performing Organization Report No. 
L-15499 
Robert L. Calloway 
~ . .. ~ .. - 10. Work Unit No. 
9. Performing Organization Name and Address 
NASA Langley Research Center 
Hampton, VA 23665 
11. Contract or Grant No. 
- 
13. Type of Report and Period Covered 
12. Sponsoring  Agency  Name  and  Address 1 Technical  Paper 
National Aeronautics and  Space Administration 
Washington, DC 20546 
14. Sponsoring Agency Code 
1 ~ ~~ ~- 
15. Supplementary Notes 
16. Abstract 
A n  inves t iga t ion  w a s  conducted t o  compare measured and predic ted  pressure  d is t r ibu-  
t ions,  forces  and moments, and shock shapes on a geometrically matched sphere-cone 
and hyperboloid. A hyperboloid with a nose radius of 0.5276 in.  and an asymptotic 
angle of 39.9871' w a s  matched t o  a sphere-cone with a nose radius of 0.750 in .  and a 
cone half-angle of 45O. Experimental results i n  helium a t  a free-stream Mach number 
of 20.3 and a free-s t ream uni t  Reynolds number of 6.83 X 10 per foo t  were combined 
with predicted resul ts  from a theo re t i ca l  method t o  compare the two shapes. Compar- 
isons of experimental  results showed small d i f fe rences  in  the  two shapes, but the 
predict ion method provided bet ter  results for the hyperboloid than for the sphere- 
6 
~ ~ ~~~ 
18. Distribution Statement 
" " ~. .. ~. ~ 
Unclassified - Unlimited 
17. Key Words (Suggested by Author(s)l 
Sphere-cone 
Hyperboloid 
Planetary entry 
.- - . ~~ 
19. Security Classif. (of this report) 
Unclassified  Unclassified 71 A04 1 22. Price 21. NO. of pages 20. Security Classif. (of this page) 
- " 
Subject Category 34 
_ _ ~  ___ " ~ " - 
For sale by the National  Technical  Information  Service,  Springfield,  Virginia 22161 NASA-Lanql ey , 1983 
